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Charge splitting in piN∆ formfactor.
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Experimental data on piN scattering in the elastic energy region W ≤ 1.45GeV are analyzed
within the K-matrix approach with effective Lagrangians. The charge splitting in δ++33 and δ
0
33
phases obtaned in the phase shift analisys is studed . It is shown that the change in the sign in the
energy dependence of the phase difference can be obtained with different formfactors of the ∆++
and ∆0 only . This means that ∆++ and ∆0 has a different size in piN interaction.The underlying
nature of the observed phenomena is discussed.
PACS numbers: 14.20.Gk,13.60.Rj,13.60.Le
Pion-nucleon scattering is one of the fundamental pro-
cesses that tests low energy quantum chromodynamics
(QCD) - the pion is the Goldstone bosone in the chi-
ral limit, where the pion-nucleon interaction goes to zero
at the zero energy. This behavior is modified by an ex-
plicit chiral symmetry breaking by quark masses of the
mu ∼ 3MeV and md ∼ 5MeV [1]. Since the quark
masses are not equal, Lagrangian of QCD contains a term
that breaks the isospin symmetry, which is proportional
to the difference of the quark masses. Therefore, the
experimental data on the of isospin symmetry violation
contain important information on the determination of
quark masses. Calculations using chiral Lagrangian [2]
and within the framework of the chiral perturbation the-
ory [3] predict effects of isotopic invariance violation of
the order of 1% for the pion-nucleon scattering at low en-
ergies. For this reason, special experimental conditions
are required to observe the effects of isospin breaking,
where they are amplified by kinematics or for other rea-
sons. One example is the splitting of the mass of the
∆(1232) resonance [4, 5]. In this case, near the reso-
nance, the phase shifts vary very rapidly with the en-
ergy, therefore, a small (∼ 1%) difference in the masses
of the different isotopic components ∆(1232) of the reso-
nance leads to a significant difference in the phase shifts.
In paper [4], the results of the discrete phase analy-
sis of piN elastic scattering data in the energy region
W ≤ 1.52GeV were presented. One of the goals of this
analysis was a search for the isospin violation in piN in-
teraction. At the first step, the pi+P data were analysed
only. Then pi−P and charge exchange data were anal-
ysed within the isospin symmetry relation with a soft
constrain from pi+P analysis. As a result, all phase shifts
except P3/2 obtaned in the first step and second are equal
within the errors.The P3/2 phase shifts from pi
+P anal-
ysis (δ++33 ) and P3/2 phase shifts from pi
−P and charge
exchange analysis (δ033) are found different far from the
errors. Then δ++33 and δ
0
33 were fitted by Breit-Wigner
formulae to determine the masses of the ∆++ and ∆0
resonances [1, 4]. The same results were obtained in [5]
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from the analysis of piN scattering data in the resonance
energy region Tpi ≤ 250MeV within a K-matrix approach
with effective lagrangians [1, 5]. However, the phase
shift analysis [4, 6] shows the new qualitive phenomenon
- ∆δ33 = (δ
++
33 − δ033) , as the function of the energy,
changes the sign at w ∼ 1.35GeV . This phenomenon
cannot be explained with two simple Breit-Wigner for-
mulae with two parameters mass and width.
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FIG. 1: The δ++33 − δ
0
33 as function of energy .Solid line cor-
respond to fit with two Breit-Wigner formulae with parame-
ters from [1] . Data : triangles up and triangles down are
taken from [4] and [6], empty circles from [7] and filled circles
from [8].
The goal of this work is to study how this phenomenon
can be explaned in K-matrix approach with effective la-
grangians. The detailed description of this approach can
be found in [5, 9]. It is assumed that K-matrix, being
a solution of the Bethe-Salpeter eqation, can be consid-
ered as a sum of the tree-level Feynman diagrams with
the effective Lagrangians in the vertices. The t channel
contains an effective σ and ρ meson exchahge . In s and u
channels we include nucleon and ∆ isobar exchange. The
contribution from the elastic tails of other resonanses are
accounted for also. The parameters of these resonances
are taken from [1]. As in [5], the isospin symmetry is
2not assumed to be explicit and all the calculations were
performed in the charged channels. The masses of the
incoming and outgoing particles were taken as masses of
the physical particles from [1]. The masses of the in-
termediate particles and the coupling constants in the
vertices are free parameters and can be different for dif-
ferent charged channels. The free parameters were de-
termined by fiting the results of the calculations to the
experimental data.
In [5], it was demonstrated that such an approach
works very well in the ∆ resonance energy region Tpi ≤
250MeV (W < 1.28GeV ). Here we consider the whole
elasic energy region W < 1.45GeV . The database con-
tains all the experimental data on elastic pi±P scatter-
ing cross sections and charge exchange (CEX) up to
W < 1.45GeV which can be found in SAID database
[10] (about 5000 datapoints). A rather good fit was ob-
tained with χ2 ∼ to 1.8 per point. The masses of the
∆++ and ∆0 which we get from this fit coincide with
[5] within the errors. No statistically proved differences
in coupling constants for different charged channels were
found. For example, gpiN∆++ and gpiN∆0 are coincides
with the accuracy 0.2% . The (δ++33 − δ033) remained pos-
itive for all the enegies. From this we conclude that the
fit in the whole elastic energy region gives the same re-
sults as in [5] around the resonance. Let us look how
the δ++33 − δ033 comes out in our approach. The s channel
∆ exchange graph gives the main contribution to it. To
calculate it we need expressions for vertices and Green
function. The interaction Lagrangian corresponding to
piN∆ vertex, reads as
Lpin∆ =
gpin∆
2m
∆¯µ[gµν − zγµγν ] T∂νpiΨ (1)
Here, T denots the transition operator between the
nucleon and ∆ isobar. The Green function has the form
[11]
Gµν =
Pˆ +M
P 2 −M2 (gµν−
2
3
PµPν
M2
)+
1
3
Pµ
M
γν−
1
3
Pν
M
γµ−
1
3
γµγν)
(2)
with the condition
PµGµν = 0; for P
2 =M2 only (3)
Here, P is the momentum of the ∆ isobar. Due to (3)
condition, the second term in (1) equal to zero when ∆
isobar is on the mass shell. In the elastic region, K-matrix
has the form
K(w) =
g2piN∆f(w)
w −M∆
= tan(δ) (4)
Where f(w) contains the remained part of the direct
graph contribution and practically does not depend on
M∆. If the coupling constants gpiN∆ are equal for ∆
++
and ∆0, we can estimate the δ++33 − δ033 as
w −M++
g2piN∆f(w)
− w −M0
g2piN∆f(w)
=
M++ −M0
g2piN∆f(w)
(5)
In the resonance region
cot(δ++)− cot(δ0) ≈ δ++ − δ0 (6)
Taking into account the relations between the scatter-
ing amplitude, K-matrix and Breit-Wigner formula fi-
nally gets
f =
K
1.− iK =
g2piN∆f(w)
1− ig2piN∆f(w)
=
Γ
2
1− iΓ
2
(7)
δ++ − δ0 = M++ −M0
Γ
2
= 3◦ (8)
This value is in a good agreement with Fig. 1 at the res-
onance position. From this we conclude that the value of
δ++33 − δ033 determinated by the ∆ mass difference. How-
ever, from the equation (5) we can see that δ++33 cannot
be equal δ033 if gpiN∆++ = gpiN∆0. Assume that these
coupling constants can be different from
w −M++
g2piN∆++f(w)
− w −M0
g2piN∆0f(w)
= 0 (9)
we find that the solution of this equation for w ≈
1.35GeV can be reached if gpiN∆0 is less than gpiN∆++
by w ≈ 1.5 %. But such a difference is too much to
obtain the reasonable fit of the data. This result was
confirmed by the explisit calculation - fixing all founded
parameters an then decreasing gpiN∆0 by 1.5 %. The χ
2
goes up by factor 4. Terefore, in our approach we should
modify the vertexes or the Green function . In [12], the
condition (3) is applied for the off-shell also for all other
resonances. In this approach, a lot of experimental data
on the meson photoproduction can be explained. For this
case, the Green function has the form
Gµν =
Pˆ +M
P 2 −M2 (gµν −
2
3
PµPν
P 2
) +
1
3
PµPˆ
P 2
γν −
1
3
PνPˆ
P 2
γµ −
1
3
γµγν) (10)
This approach saves one free parameter becouse the sec-
ond term in (1) gives a zero contribution now. Neverthe-
less, in this case we get the same results as before (the
masses of the ∆ resonances and the coupling constants)
with the same χ2 per point. The values of δ++33 − δ033 are
very close with the solid line in Fig. 1. As the next step
we modify the vertexes by introducing the formfactors
with different parameters for ∆++ and ∆0 resonances.
A relativistic version of the popular ”dipole” formfactor
was used
F (q2) =
α
α+ (q2 −M2∆)2
(11)
3The inclusion of the formfactors leads to somewhat de-
creasing χ2 per point from 1.8 to 1.7. Clearly different
parameters were obtained for ∆++ and ∆0 formfactors
from the fit for both variants of the Green function . The
results are shown in Fig. 2 and Table 1.
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FIG. 2: The formfactors F(q) as the function of (w−M∆)
2 for
the Green function (10). The solid line corresponds to ∆++
fomfactor and the dashed line to ∆0.
The calculated values of δ++33 −δ033 are shown in Fig. 3.
From this picture we see that different formfactors for
∆++ and ∆0 lead to the excellent fit to the δ++33 − δ033
data.
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FIG. 3: The energy dependence of δ++33 − δ
0
33. The solid line
correspond to the Green function (2) and the dashed line to
the Green function (10).
To calculate the radii associated with the founded
formfactors we use a low q2 expansion
F (q2) = 1− 1
6
< r2 > q2 + ... (12)
The results are presented in Table 1. As seen from
the Table, the mean-square radii are slightly dependent
on the Green function form but the difference between
them is much more stable ∆
√
r2 = (0.85±0.14)fm. The
mean-square radius of ∆++ is found about 20% less than
that of ∆0 and both are much smaller than the charge
proton radius (0.8775 ± 0.0051) fm [13]. It should be
noted, however, that radius of the particle is dependent
on the reaction which is used to measure it. In our case,
the quark in pion should go inside the proton core to
reach the S shell to form the ∆ isobar. In this sense, our
results look resonable.
TABLE I: Formfactor parameters and radii.
Green function (2) Green function (10)
∆++ ∆0 ∆++ ∆0
α (Gev4) 6.08 ± 0.02 4.06 ± 0.02 8.15 ± 0.02 5.95± 0.02√
r2 (fm) 0.48± 0.01 0.57± 0.01 0.41± 0.01 0.49± 0.01
To check how the results depend on the form of the
selected formfactor we repeat the calculation with an ex-
ponential formfactor
F (q2) = exp(−(q
2 −M2∆
α2
)2) (13)
As a result for the Green function (10) we get
√
r2
=(0.46 ± 0.01) fm for ∆++ and (0.40 ± 0.01) fm for
∆0 which is very close to that in Table 1. It is not sur-
prising because our fit was performed in a small region
(q2 −M2∆)2 ≈ 0.04Gev2 where the formfactor is practi-
cally linear function and does not depend on the given
form. The main result of this paper - different formfac-
tors (and sizes) of ∆++ and ∆0 resonances based on the
energy dependence of δ++33 − δ033 obtained in the discrete
phase shift analysis [4]. However, these data have rather
big errors which are mainly connected with the interpo-
lation experimental data in the resonance region where
the data rapidly variate with the energy. Therefore, to
decrease the errors, the new experimental data on pi±p
elastic scattering at the same energy are needed as it was
done at EPECUR experiment [14] at higher energies.
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